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(54) SYNTHESIZING METHOD OF DIAMOND 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high-quality diamond film 
having a large area. 

SOLUTION: In this method, diamond is synthesized on a substrate 1 1 
from a plasma state containing a carbon component A filament 3 is 
disposed above the substrate 1 1 and contains tungsten as a hot 
electron releasing material. An electrode 4 is disposed apart from the 
filament 3, and a potential relatively higher than the potential of the 
substrate 11 is at least temporarily applied on the filament 3, while a 
potential relatively higher than the potential of the filament 3 is at least 
temporarily applied on the electrode 4. Thereby, plasma is produced 
between the filament 3 and the substrate 1 1 and electrons are made to 
move from the filament 3 to the electrode 4 to produce plasma between 
the filament 3 and the electrode 4. 
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[4fIf!f#©«&B] 

Mr** 1 1 nawta * *^ e,s*±tc ^r-r -v 
e> iff ib ms^ «■?■ * n » s * t Su i ass mib m^a as 

s s i km a«© #4>**e> K*J*#& 20 

5 ] tMB£K©£iiiCJ*3 10 0/* rnJKT® 
fE«© *V Y^E > K*J*# So 

&MB£ 1 »tB#tlWS» 2 ©*?«{B#i:©IRHc 

6 * 3 1 k j: »j msm 1 ©*?■»*«# t t& 
tuiam 1 as * tffs 2 ©m^ affl#©¥^mttK:» uxfi 

v *«ffi«:tWB**K*J>fc < i: fc-BlttKS*.* 3 £ ic J; 

y«FiaaKRt«rfB» 1 ©*^jftffi*©iW3 «fctftWB»8 
t tffiam 2 ©m-?-ifcffl#©i9 k y 5 xv mm $ s ^ 

Mv^yF&sttm. 40 

[0 0 0 1] 

mwomtz&wrftm 3 ©aw*, #yY=e>F£ 

SUM!*, BNEIA. sfif&XAfch'lCia^bftSS 
a©*^**-^^ KWfflSJfeEfSjCIHts *>©"?* 
-5. S^ic, 3©$gfi«, ¥*tt-r;W*J8©S®, J» 

-eHg^oiSvMi- h i/yt t fettjtaamtt©jsv^* 

S. 50 



1 0- 1 6 7 8 8 8 
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[0 0 0 2] 

[^*©K^33cfcl>'|§^A'«bJ;o«t1-^ISIi] f-f 
■Y^KWu JWT©«te)^4fffiS*tTV^. 
[0 0 0 3] a. 

[0004] c . mm - mm$tf'bz ^. 
d . 'J a # 6 «^s##*fc*^. 

[0 0 0 5] e. JB#r*W*<. • pT& • 

f. BUSttKfttis. 
[0 0 0 6] g. ^©eSKftKCflHxs. 
h. ^©^ttftiK-y-rsztcjiy^iMfffiS: 

[0 0 0 7] rfflA^^ffi&till. ^V-V^>K 

[0008] zzx\ #4^^y R^©g&©±{c** 

s. *V -Y^e > K«^©»«fC *V Y ^ > KrtSS -ttS 
*-f, mM±K#4 J r=zym*ftt>&z>® 

sac^-m, aisaiB©jR : f-©sj'JS:*itLr^'y 

{10 0} ET?*ofcS^fCtt, jf-fW^ K© (10 
0} ffi©J&g^g#{ffi©®©$:S^Cjt^T*£^ 
<TeS«±fC*Vr^> F 5.. ±i$©<fc^fc 

HitktZJ^y K^©»E©±lc^-V ; E> KS:« 
^$-&5*Si:bT, JWTTwtXKJClBIRanfe*!© 

[0 0 0 9] (1) Koizumi et al. Appl. Phys. Let 
t. No. 57, (1990) , p 563 

(2) Jiang and Klages Diamond and Related Mater 
No.2, (1993) , p 1112 

(3) Stoner and Glass Appl. Phys. Lett. No. 60, 
(1992) , p 698 

(4) mmh, m4m#4 J ? ! tyVi/y&VQJ*wSL 

Sg*PP.13 ~14 

(5) *se>, 9S4 zm (i 9 9 6^mm) fommm 
mrmm-&mw.£mm^ffimo.2 P 403 

(6) Yugo et al. Appl. Phys. Lett. No.58, (199 
1) , p 1036 

(i) tm±, iiij&mtfrvmfrb&zMffi.m^T^ 
o) r>&. murjmfrbft&gfiizia^T^z. 
(5) nio> M-ffc/<yy>ix*fettw 

'J^^ATi^^^SSiffiVNT^S. (6) T*tt, ^r-f 
3B, ftft^r-fSiSfett-f 'J^7A*^j:S1S&Ivv 
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XtmZ^oMt* V-f ^Cl&X^XvCVD&fCfc^ 
T, X^XvKftbTiS^mfi&a^fC^SfcWT'fc 
S. (6) T'^3*lfe££tCj:oT*V^>K#£$ 

ut. >r*>«S0&jii*5s;*;i/«» 
ft©sft*jfcif*«eRa#iTv^*. i/^Lft#6, 

[0 0 10] 3©#&T'fi4g±lCi£>-tC$S:#g££-frS 
X5Xv#i£-{cfg£U *oS1S©SI± 
ftmj?#£ C ft ttft ft 6 ft v .. Lfr b ft# 6, 
3©^e>ft&ff£^3i±S©ttHiiT&S£#> (6) 

[0 0 11] (6) T*^t^ST*t±, 

±©«#&»<*sfc#< ©«#»&** 3£#*n6*i 

&*§S3fc#BJli:fcS. »7-f5;*>hCVD 
8.£JBv\ g«±fC*V^>K£/&R$i±S£?£jW;h 
en et al. Appl. Phys. Lett. Vol.67, No. 13, (1995) 
PP.1853 ~1855tCia<RS*lTV\*. 

[0012] z<d%&x&. 7^*>Mc&lt<£^ 

IC <fc S ^ £#8£5* -ft. D OU 7*.C «fc *J 305 
2?*;U&DCX5Xv£ UTV-S *>©£%*. 6*lS. 

[0013] b#l,ft#6, 3©2fj£tca3wr*»s*& 

© X >y ©#«jW8£ 1 5 ft if ©RML&tf ft£ $ 

icfts a ^mm^m^nx^^. 
[0014] s&ic. $m^m*m^6m^£§ia}L 

<fc »J ^-f^> K&^JfctSSScaqtMBB 6 3 -3 0 3 
9 7 (#^0 6-4 9 6 3 5) #4*$8ICgB«;**lT^ 

So 

[0015] u*ufc#6, z©*8ibt?%», *y^r*> 

K©S^+#K:j&RUfcv*fctf>, < fro** 

[0016] -£3T% z<D&m\t±j£<D£otefflm&m 
ft-tsfeacftsnfc*©^**;, *K©±tc**-fT ; E 

> K©«S:*|-^o**IC«4S1*, BfflW**<3^-3 
if Sft0*V K&i&K©±fC-&jSfct*2fi££ft4 

[0 0 17] 

ox. a^®±#K:5»**;ftffitm 

6*lS 0 3S#0«ffi£ttLTffiftft{Cigl,vlffi£'>ft< 



(3) 4$Bgipl 0- 1 67 8 8 8 
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£ttbxmttmzn^m&$:'j>%< £%-&ffti\zmm£ 

^;LS. 3*iJCj:yS^-ttffi(|:i:IS«4:©iaK:^5Xv 

T«*fcS-?&ffift©HlC:75Xv£|8£3l*5. 
[0 0 18] i©«fc^ft*ssfcftitf % g«©m&tc*f 

• ftWci »JS«iim-fSf{fJ«ci:©(Stcy7XvA^1- 
10 S7t>\ 3©X5Xv©*t£'J>ft<,\ 0 L^bft^b, 3© 

«^-fl:iBft^&«s^**©«-?-^»-r4 
3©«^-©f^ffltcj:y, ms^m«ffi#:i:©ra 

tC#:i©:^Xv#f8:£tS3i:tCftS. LfctfoT, 

3 ©m^y-amf* t ©p^©y 5 xvicsjea *vt s 
«£S?;6fcffifl^©Hlc£y#<©?5Xv#3&£l- 

®*BJc*S-k:j^o*J|jc»*i- szticfti. -foe 
3©&£*£tC*V^>K£^£i2:*Uf. ffi* 
< ^oigp D n g© *V ■* =e > K£#S 3 £ #T* £ 

20 S 0 

[0 0 19] m-?»ffifttt, «ffi£&K£©H3(C 

ig^e>ns3i:^w*Lv\ $6^ 

y, **i-fn©«i©«ffi*«sKtuTiatPsti63i:3y 

#*lv\, 3©^, ■f*i-pn©«ffi©«ffi*ftwi-r« 

ziixzf^ Xv ©4©£IH5M|f & Mlt S 3 £: #T £ 
S„ L^'ot, ^XvfeJ^-klSftS*, &K±lc 
*V^>K©^£^-{cjS£3i^3£#T>tSo 
©*S£, 3©«£t>fc.c^^:/K*J*Sa*tx.& 
iB*#*£ <**oSFaH©f -f-y^O K£f§S3£#T* 
30 £S. 

[0 0 2 0] * fc, S«tt#S^#T*feS ZtmtL 
K 3*Ui#j|| l f|g«£#^S3i:K:j:».K *-f-v*> 

h^fDi^^^i/t A/Afi«^rie i: ft s *» e> x*$> 

So 

[0021] ss*ig{c.ixtr**s/-v^su 
tc.mm^^i^x^x^n^z.^^^^y k»atd 

x f df i/ -v pfffi t ft s o 

[0022] ttz. miRommzmz 1 o o >u mar© 

40 [0 0 23] tfc, 3©f§^fi. iWWtfl-t^tl^X 
V^^f)S«±tC^-f -y=E> K5:^-t-S*i£T*&o 

x, *s©±*jc»*^-»mtmfe^tt» i ©s^-srffl 
#jWR» 6*1*. -e©^ i ©« : ?affi#^6it»Lfctt 
ftffitm s *«is 2 ©«•? ateft*qR w 6 n 

So *i©*-f-ffl[ffi«:i:«2©«-?affl(t:i:©raicS!aE 
«GS:#AS3ttCJ:y^l©m^fflcai*i:S2©m^- 
affl#t©raiC7 r 5XvS:»*S-tt*.o*l fij:tf^2 

©m^Mm©¥^ffi&icttbT{£vNm&£s«fc'>ft 
<^*>-i«wtc^s3fcic«fcyafe|gi:»i©a-?-aflj 

50 (*©Oi3 «fc l>*S« i: H 2 ©S^F aajttwraic ^5 XV s 
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<&m¥ 1 0 - 1 6 7 8 8 8 



[0024] zoz^ftumizftxtt, mmmzcDm 

AfftflltS. 3©@^©f1^?K4:y. SSfc, g 
1 *fctt*20**;»fflttfc©|HK77XT#8&t-a 
A\ 307*5 Xvo*»W>;&v\. SSl© 
m-f»lB#*» b# 2 ffl*?tttiitf:^**0«-?-#£»t 

©aT-ttffittfcOlHKztalOT^XTtfaifc**. ■€•© 

o**{C4-fs. *©*g*, 3©^Sr=fci:tc^^=e> 
K £ S **i tfiiflt^* * < frofcB It© #W y 

[0 0 2 5] 

01*01 I - I I»lC»oTBfc7^5^>h0iS» 
0T-&5. 0l£<i:tf0 2£:#|$LT, ^>A2£, 
7^^>h3^ *S4£. 5EIMJ5fc. £tt«ffl6 
t , 7 , 8 K J: y *W > K-^^S 1 

[0 0 2 6] f-^>A2rt»C7-f 9^>h3S:ttWfc. 
7-f5^>h3tt5$10cm, E#0. 2mm©*;/ 

yx-ry&iz&yM&Ltc. 7j5*yb3<D*wi3.i 

1#£L£ 0 7 J =7*y\>3fSi<Dtm (02 *W) {±1 

[0 0 2 7] 7-f5*>r-3©±;£tC#>#;U (Ta) 
3^6>**«S4S:«Wfe. tt^4©^$ (Hi ft) ft 
2mmi:lfe, @^4©itg (01*0) li 8 0 

mini: btz, 

[0 0 2 8] 7<r?'*>h3®T#IC3tt&5&|Ktt' 
fe. £#&5©±KJi«gfi^U3>#&fc&3S«l IS: 
«fibfe„ Kfii i©agtt3>f>^i:bfc. a*i l 
©«B©9*>, 7-f 5*:/h3t:#ffi't.5»3H± (1 1 
i) ffifcufc. 74 7*yhst&fai i £(D%e.m*i 

&ML£„ $S8«aR6 0«Ett8OV, M&8fr«6 0H 

0*«s:mj(t»jc««bfe. wmnmianztti 50 

V^Lfco E»«R7©iEffiS:7-f 5^>h3H«»W. 

[0 0 2 9] ESS«»8 0ttE&6 OVfcUc. ESf.il 
«8©affi3::7-f 5*:/.r-3 fc, E«E««7©iEffifc, 



[0 0 3 0] **>/t2*c«u H**i:&S#**:$A? 
*fe»0^*AniOtRWfe. f-v>A2CS3JjK 

>X9 feaa»LT^^>^2rt0E*fcBnaEt6ii:36« 

[00 3 1] 3©<k9{c^Lfe^V^^>K^^S 
HCfcyiSfil 1© (1 1 1) 3j±fC£*--f -V=E> K©fifc 
10 RS8**fe. 

[00 3 2] ft, f?yA2ft<DBtlt: 1 OOTo r 
rilUto fY>A2WlC^»APl 0j&»e>»fil 0 

0 0 s c c m (standard cubic cm par minutes ) ©7k 
m£WLR2 0 s c cm0^^5:SAlfe„ 33T, fcg ' 
ixsccmid jgg2 5r, ffii; i^E©=bi:T?ft 

7^7^>h3©?Sg(t2 0 0 0±20 < CT'feo 
fe. 7-{7^>h3 ©Jpgft&ttftfiN ©¥*&*#* 'J 
.{£<, -£©Mtt6 0 Vt^ofc. 5*>r-3fr£© 

20 »3t0fc«)Bfli-ett^X"7*«»i*anTv^«3i:3Wt 
aTS&*»o SH4 ^7-T5^>h3 i:©raic«: 

mmmm 1 1 ©¥^m<a<fc y -?©Mii 1 5 o v 

T'&ofe. 7<f5*>Mi:a«l 1 ^©IBICttlA© 

[0 0 3 3] 30«fcolC, m^4 9;*>h3i:© 
IBHC4A©*», 7-f5*:>h3i:a&Kl 10BNC1A 
0««*<aEn*ttJB 5:30 aiKMfett L fc. 

[0 0 3 4] S®1 1 &fv>A2*ei»£l}U 

30 ££l L0£ffi&j££9«Hgtttf (SEM (Scanning 

Electron Microscope) ) T'flgSLfeo S# 

1 i<Dmw\ziti o'Vcm 2 wm<omBi'v#'( j r* 

[0 0 3 5] &tc, WRl 1 ft*-ir>A2rtlcRU E 
8tMt«8«:flWf.U m®4i:7^5*:/h3£|lD£ , l& 
i: U J±7J lOOTorr, ;* # >©^S 2sccm, 
*&0?8afc5 0 0 s c cm, WS.I 1 ©&K£9 8 0"C 

tbtz. zoymzi o o*isjfii-3ii:icj:»;«Ri 1 
0*HC4f-f^'fi>K0JBIt«BtUfc. -?©««, S* 
40 1 10«*»e)ffilStl~2mm©aJ^&i»^TBff^ffiJC 
J?$ 2 K0Rtfj£RLT^53i:# 

35, ^-f^> K0«**ffittl6tJ©ISJ|*fii:e(f 

[0 0 3 6] (HJgfll 2 ) Hflg«T 1 T* «#M b b b 2/ 'J 3 > 
*»6ft*«Rl 10*ftS3-f >f-fcLfc#c, HJ6M2 
T'tt, #Jgfii/Un>*e)*sa«l 10ES&1-O 
3-tLtz. *fc, HMffi[lT'«, Hfil 10^ffi©e>*. 
7-f7^>h3tC*f®tSg|54) s (111) if^l/fc^, 
50 HJBM2T?ti, Itfii l0*ffi©e»t.7^5^>H3tc 
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*f®-f5Sltfm (10 0) ffii:L£ 0 

1 Hi 1 ftT'S o gftftl 2 Tf ttSfi 1 1 fit 

4#£Lfc. 4#©S«i lit. t«X5.W£Stm? 

SiotCLfe. ^©0*>ltfc©S«l l©^MJCitg5 

[0 0 3 7] i©J:-5C««snfcSlBT?iatfl!Ii £H 

g«i l ©Affile ^Lt^V^^K 
«f*tttiyifcfffc*>&*»ofc3 
&©3§«1 It'll «©««#5X1 0 9 i/cm 2 T* 

Kttl O'Vcm 2 mgT'&ofe. 

[0 0 3 8] fclC. *V-^>K©$tf?8£Lfc4tt© 
S«l 1 &^-V>A2 ftKgU MS 4 h7-f h 
3 £HtJ«tfcfcU l±7Jl OOTo r r, *#>©?ifcl 
1 0 s c c in, 7kM<Dffi1k 5 0 0 s c c m, 3SS©iSS£ 
9 8 0ti:U i©*»S:2 0«HBffofe. £*UCk 
US 1 1 lmm^JiaMa-ftlfc^TBa 

©iBssfittas 1 1 ©ss^s t. mz-mt ^zzt 

[0 0 3 9] (JS»«3) 1331*, Hd6#|3T*$V^** 

i v - 1 vmiz® o t m r=. y j ? * y b owmm? 

0333^1/04 £#RP,LT, **2/<rt2fc, 7^ 
7^>h3a, 3b£, £&&5£, SSE«g6a, 6 

[0 0 4 0] ^-v>A2rt(C7-<7^>H3 a, 3 b £ 
Rttfc. 7Y7^>h3a, 3 bfii, ft£ 1 3 cm, it 
gO. 2mm(D^>^Xf->IS^e>^5o 7-Y5^>h 
3at7^7^>h3 btamn&M (04 *W) fit 1 
Omm^tfc. 7-f7^> h3 a ©#$fcfij 8*, 745 
*>h3 b©#®[fij:8#t Ufc. :7^5*>h3b©T 

Lfe. !Sil2©Sloe)ti7-/7^>h3a > 3 b IZ 
ftWtZ>8Hft\t (10 0) ffifr&fc*. m$H2t7-{ 
=7%y h3 b£©gggtiil 2mmi:bfe. £8KtaR6 a 
4:7-Y5^>N3aS:«JH»KiaB»l/fe. £§iiS2£i6 a 
©mEEfc*8 0V, fl«Rtt6 0HzfcLfc. 3?SSm^6 

b ©mm« 8ov, j?e$$a± 6 ohz tufe. gssms 

6 a, 6 b*f>f1->A2 *«ftWCJ6SLfc. 

1 4 ©mfffi 1 6 o v t l tz. mtwR 1 4 oiEmtm 
mi 3 fe«awjc««ufe. 4 #e>**>^ 



( 5 ) #|8¥ 1 0- 1 6 7 8 8 8 

8 

2 tai!twjcifi»Lfe. £sfcms6 a, 6 b mm 1 

3£, 7^7^>h3a, 3 \>£\Z%%tti\Z%m-tZ>& 

0 K38S*28 6 c fcKttfe. 6 c ©«J±« 1 0 
0V, g»6 0HztU. X^>79, jfzm 
AP10&, HJ60II1 ^H^©=fe)©S:ffl^fc. 

[0041] zamizmftztitzm^yb'&i&m 

Si 5©^-v>/\'2©E7J& 15~30Torri:L 
fe. &{C, #**AP 1 0 *»e>SEi: 1 0 0 0 s c c m© 
S£fi2 0 s c cmW* >£#ALfc. 
10 7-^7^>h3a, 3 b©ffiKfii2 0 0 012 01CT* 

[004 2] 05fij:, @3i£©,6E£,£FT'©!ffi©B£ 
IBBE-fbiwtHT**. j&ET?©¥*9*{£fii 160VT? 
fcofc. *£, MlF©^«ffit»l 6 0 VT'&otco $ 

6 tc, jft e t & f T*©m&c ttn*«* h z t tfmfrtb e> 

fttc. ,#.ESJ:a t FT'©mffi©SAfI(i, : lt2 0 0 V, * 
fe, «^©gi£tffij:i|<l 1 2 0VT?feofe. S«l 2©3p 
®mmt7 4 5*y h3 a, 3 b©3p±*j^fiJ:»Jig<, 
^©Mli, 160VT'feofe„ Z<D£5&VtMt: 1 0^- 

Si 2©36®©2V^;/K©$©&SS:«3g-r5i:, 
ggli8Xl 0 9 - 2X1 0 l, I/cm ! SST'feo 

[0 0 4 3] <5MC. ^^^E> K««^4«bfe3SSl 

x-5» hCVDffi{C«fcy^^>KRS:aHbfc. ^R 
0#rati 3 0 B#|?gT-& y , S« 1 2 ©&g« 1 0 2 0 'CT' 
* y, A'X©gg4it«^ * y : 7K« : 7;V=f>= 2 : 1 
30 0 0:1 OOTftofe. 

[0 04 4] 3©<tC)tCbTStSl 2±{C^-V^>F 

1 2©tt , ^PTiil 1 Odmtft'J, SSI 2©$ggPT' 
tt2 5(tm^ofc. SSI 2©Sgg|5T'©K©^$iiif 

tc*)feoT-i!tbTvx*ii:««as$nfe. 

7*>h3 a*»e>7-f 7^>h3 b/\©^mil, ^©2! 
©fflrttt^CfeCT?, 7-f7^>f3a, 3 b©«It: 
40 tt, ^ >^f>A-;H WtHl4^ofe. 

[004 5] (Hig054 ) m 6 ti, ^Jg^j4 "Pffl ^ ^ 

fc. li4a~4eL £*#£5£, 3S^m^6i:, it 
^m^7, 8 a~8 ei:(CJ:y^-Y ; E>K^iSa2 

o sflnaufc. 

[0046] 7-<7^>h3 cfifi^l 3cm, fig 
0. 2 5mm<D*y>fX7-ymfrt>&f&l,t=.. 7 4 5* 
y h 3 c ©#gfcti 1 6*T'& y, 7-f7^>h3c» 
50 RMttl Ommtlf;. 7-{^^>h3 c©±lcmH4 



9 

a~4e fcKttfe. W&A a~4 e Wu =E »J 7*-r> (M 
o) V-iy^yVZ c£:®1f4 a~4efflS 

Httt5mm4:Lfc. Wfn®il4a~4e©f$« 
2mmt'^. *ft-fft©«ffi4 a~4 eOlt 

t±*?T 12c m 2 T?&£. 
[0 0 4 7] 7-<7*>h3 c©T££fNJ5£|8tt 

2/U3>*feft**«l 2£fc§b£:. Sfil 2©E& 
l*4-r>f-i:bfe. 7-f 5*>S3 ofcSfil 2i:©gg 
gllil Ommibfc. gS&l 2©3t®©-?*>7-^*> 10 
h 3 ctCftB-f •58B#tt (10 0) BilLfco 
[0 0 4 8] it«K*S7 ©*ff 5 K«ftttfc« 

7©BH£, 7-f h 3 c il, it&SS'Si* 8 a ~ 8 e 

©AS4:ft«ft«K:lB»Lfe. a©Sffitt6 
OVilbfe. tt%«88 b~8 e©SEli4 7 V£:b 
fc. iMMII(8 a~8 e©iESS:«S4 a~4 e tClfC 
ttKSSttbfc. $»#5ii, 3HR12 4:, 7^7 

*>h3ci:, *S4 a~4 e S:3iffltf «fc ^ (Ct^-V > A 

[0 0 4 9] 3©J:-5K:««atVfc*'>f-V J E>K-&J«S 
*2 0££wt, ft>A|^©JI^!:4 0Torrtl 
fc. f-V >A'rtlCSgS lOOOsoc m©7Kit£:. 
20sccm©)l^S#AU 7-f7^>h3c©S 
,g£ 2 0 0 0 ± 2 OdCfitttbfe. 

[0 0 5 0] 7-f7^>h3cffi¥Wi:a«12ffl 

h 3 c©¥*&*ffifc*fi4 a©^*S«ttfc©Htt6 0 
V> 7-T 7^>h3 c©¥*&*ffi£*ffi4 b~4 e©¥ 
i£*ffii:©gi*4 7 Vffcofe. ^tiPKttfc 1 OjHBfil 30 

J**&ifc£J:yi&Ki 2©3*®{c*VY^ y KffltKS 
*K.i 2©*®S:iW-*Sfc, S«12© 
tiicfefeot^^?^ K««ltv^. 3© 
^©SBStt6X 1 0 9 ~8X 1 0 9 ®/cm 2 T'&'A 

[0051] (mmw 5 ) t-f , i -f ymmit 

V?*i/7A (MgO) '© 
*K©*BttBMbV*'*$/$A© (10 0) BT'&o 
fc. £©3£K©aK£9 5 0"Ci:U :*yty#ttK:J: »J 
*R*®Kl>f Uy^AKSrlRSS^fc. -fUS^AR© 40 

[0052] £©««©«< u ^abllkhmm 1 

«©*iSTdf-f-V*>Kffl«S:Blt*S*fe. -TU^fA 
K*15K:4«UfctR©afWii x l o 9 «/cm 2 Sft 

[0 0 5 3] i©|feEfcf"V>ArticHUfe. 7 

OTorr, ;* # ^©^4 2sccm, 7K^©SEft 5 0 
Osocm, S«©&K& 7 9 Or £: b> 3©&#7? 3 

mmj^^ymzimist-- *©»*. -yus^a 50 
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^©S®tC@$ 3 /tmffi^-V^V KIMSlfe. S 
©i&H^ffili-f U 2>tf AR®|gft*tti:B«-aLTH 

[0054] amm 1 ) mat* amm 1 -ewz.* 

^=E> K-^JffiSSl 0 0©«*HT*«. 07 &#Ri 
t T, #W -Y* > K-^ASti lOOit II 1 *V 
■V^K^jatSHtlfr&WMi:. |fitt6«H8«:l8^fc 

[0055] iwi-iicttaattfe^-^vK^jaK 

5 1 0 0©.5 L -V>A2©JE7J2: 1 0 0 To r r tl>> ii 
Ts^APl 0A^f-V>A2rtK:**i:5l*>S:*AL/ 
fc. 7KH©SS*{± lOOOsccnu * * >©«*«: 2 
OsccmiiLfco 7-^7^>h3©?SS$:20 0 0± 

[00 5 6] 7-T7^>h3©^mfiilSffil 1©¥ 

iSri&i:©M&i 5 o VT*&ofc. z<Dt£, -y-i?* 

y v 3 ©m&#*& 1 1 ©m& <t y w**o fe. 3 ©^ 

tc, 7-f5^> h3 i:S«i l©HKittmj5S^±<i5E*i 
o fc. 3 ©^^ S 3 0 ^IflUA t feftic&tfi l l S: 

[0 0 5 7] ««1 ^ 
•V^O K©tKAMKft3 x 1 0 7 m/ c m 2 T*SS 1 l * 

[0 0 5 8] &ic, r©nsi 1 %^^>/<2rtK:a 

BE7J lOOTorr, >©^S 2 s c c nu 7K 
MfttiHA 5 0 0 s c c m, ^©SSS: 9 8 0"C t 

^bfci:^5, ^-V^>K©lSft*fitt5>fA7?» 

[0059] amm 2 ) &®m 2 t? «, 1 -am 
^tz^'^^^y K-&fiias*i 0 0 tn*©^^^> k 

^*JS*S:ffl^fc. 3©^*-fi' ; e> K^ASSll 0 0{C 
feVNT, f ^^Z^Eij^l OOTorrtlfe. 
^^>/N'2tc. #**AP1 o#e>jft*i:**>S:#A 
bfe. 7>c^©^S« lOOOsccm, >©^Sl± 
20scomtLfe. 7-f 5^>h3©ffl«S:2 0 0 0 
±2 0-CtC«#bfe. 3©^Sfiil, S 

«i l©^mfii:©M?: 1 5 0 Vi:bf-il35^ 

©, 7^7^>h3h> S«l 1 £©H3K£e>lCjffS5« 
«&KW, 9>i>h3ffl*iftmfifc»Rl 1©¥*I 
fl;fii;©||5:2 5 0 Vtbtz. Z<D£g. yj^tyb 

3 ©«ffitf&K 1 1 ©me <t y *ik < * s <fc e> u fe. 
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[0 0 6 0] StiU loaffi$:SEMT'{i^L/fc 
£titi l ©affile tt#^-v*:/K©«tf£j*U 
T^fc. StiU iotf*WT»i, $©8?gtt3x l o 9 

I/cm 2 > S«©Jii2g|5T'ti, I©W3X1 0 10 
/cm 2 T'hZZttffofr-Dtc. 
[0 0 6 1]*C, 7-f ^^hSfciEfffcfcflDfcSa* 

cfc U 1 5 0 V*£< Ufe. 1 &^*>A2ftfc 

M U J±2j lOOTorr,;** >©8fEl 2sccm, 
**©S6JI5 0 0 s c cm, Stil©SS9 8 0*C©#ffl 10 

St-fci ooi*iia«oii:tcj:y. gffii i©3?ffiic#y 
■V^^KBttJRKLfc. atfil l 

©gggt 1 ~ 2 mm®»£fcl8v*T««£liK:ff 3 2 0/4 
m©*V^*> NW/&RUT^5:i£#;b*>ofc, S 
EMT'I^tt^KISS^Lfei:!^ ««©<*> 

*5a B B ^ffi«a«©IS^fii:-ijCLTVxfe*\ *ft,fc V 

frmx* it 4V -v * > K©»fi*fi IHSoes^ffiH:- 

[0 0 6 2] ifcfSWOgftWc^TBMILfc 20 

HJg^3T?tt. 3o©2K^m«6a, 6 b, 6 c & 
a, 3 b©-#7Wffi£tCttLT-l$«tCi6^m&£;f-f 
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[0 0 6 3] 

[HI] &%©7&ffil. 2i5J:tf 5T»ffiHfcW-* i E> 

[02] Hltf©I I -I I»tc»oTJlfc7^5^> 
N©IB£!0T*&3„ 

[03] fgM93T-ffl^fe^^>K£/£gl©«l5*; 
0T*&5. 

[04] 03#©I V-I V»CfioTSfc7^ 
h©IKS0T*&5,, 

[0 5] 03tfJ©,6E, *FT'©Sfi©^P^k5r^-r 
0T'fe6„ 

[06] HiSM4T^^t^V^^>K-&^fi©^S; 
0T*&£. 

[07] Jtftffl 1 T'M^fc*^^ P-ftJftlftft®*)* 
0T-&S. 
[^©S&B] 

3, 3a, 3b, 3c 7-f 5* > H 

4, 4a, 4b, 4c, 4d» 4e ®fl 

1 1 m®. 



[01] 

^10 




(8) 



10-167888 



[02] 




(9) 



$H¥ 10-167888 



[H6] 
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7D> h^-^CDft^ 



